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Abstract Investigating patterns of linkage disequilibrium(LD) is helpful for a more in-depth understanding of the
genome-wide mechanisms for the genetic variation response to the natural and artificial selection in model and
domestic animals. LD analysis for the candidate genes on fatness in chickens can provide more important
information about the genetic control of fat deposition and make the molecular markers associated with fatness
more powerful. In this study, polymorphisms of perpxisome proliferator-activated receptor-y (PPARYy),
apolipoprotein B (ApoB), uncoupling protein (UCP) and other 10 candidate genes on chicken fatness among
individuals were detected by DNA sequencing, denaturing high performance liquid chromatography (DHPLC),
single-strand conformation polymorphism(SSCP), restriction fragment length polymorphism(RFLP) and labelled
primers(LP) methods. LD investigation among the polymorphisms of the candidate genes was performed in the 8th
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generation populations of the Northeast Agricultural University broiler lines divergently selected for abdominal fat
content, two common measures of LD, |D'| and 72, were used in this study. The results showed that the value of |D'|
and 7* often did not match very much within the candidate genes. The value of |D'| usually was larger than value of
%, sometimes even |D'[=1, while r* was close to zero. Furthermore, in different genes, even within the same gene,
LD patterns of different regions were usually different, and there was no a linear correlation between physical
distance and the value of |D'| or 2 In addition, in some genes, such as ApoB, the values of |D'| and r* between
nonadjacent polymorphisms were much larger than those between the adjacent polymorphisms. Finally, there were
different LD patterns of polymorphisms in some genes, such as PPA R-y between lean and fat chicken lines. The
results in this study also suggested, as a LD measure parameter, 1 is more useful than |D'|in population genetics
analysis.

Keywords Chicken, Fatness, Candidate gene, Linkage disequilibrium pattern, |D'], 7
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Table 1 Linkage disequilibrium analysis of candidate genes

SNP /bp ? D'| ? D)
Gene SNP Combination Distance Breed Breed
AFABP No.1-No.2 2162 L -* - H 0.080 1.000
No.1-No.3 4148 - - 0.001 1.000
No.2-No.3 1986 L 0.004 0.145 H 0.001 1.000
HFABP No.4-No.5 4272 0.029 0.381 0.023 0.182
No.4-No.6 4931 0.183 0.511 0.044 0.289
No.4-No.7 5627 0.160 0.883 0.025 0.451
No.5-No.6 659 0.193 0.833 0.012 0.354
No.5-No.7 1355 0.026 0.805 0.007 1.000
No.6-No.7 696 0.110 0.881 0.006 0.312
IFABP No.8-No.9 1166 L 0.001 0.075 H 0.002 0.117
No.8-No.10 1580 0.074 0.900 0.067 0.785
No.8-No.11 3829 0.217 0.862 0.124 0.715
No.9-No.10 414 0.006 0.717 0.015 1.000
No.9-No.11 2663 0.035 1.000 0.008 0.474
No.10-No.11 2249 0.283 0.963 0.436 0.97
LFABP No.12-No.13 3832 L 0.240 0.971 H 0.009 1.000
uce No.14-No.15 76 L 0.037 0.289 H 0.280 0.793
No.14-No.16 1354 0.305 0.750 0.398 0.668
No.15-No.16 1278 0.229 0.969 0.413 1.000
ApoB No.17-No.18 21863 L 0.444 0.953 H 0.573 0.931
No.17-No.19 34314 0.702 0.953 0.908 1.000
No.18-No.19 12451 0.605 0.974 0.546 0.868
ACCa No.20-No.21 61876 L 0.132 0.531 H 0.343 0.669
IGFI No.22-No.23 39076 L 0.929 0.964 H 0.748 1.000
No.22-No.24 48388 0.947 0.982 0.497 1.000
No.23-No.24 9312 0.877 0.945 0.665 1.000
MC3R No.25-No.26 276 L 0.006 0.303 H 0.073 0.673
MC4R No.27-No.28 307 L 0.430 0.899 H 0.227 0.665
PPAR-y No0.29-No.30 527 L 0.595 0.797 H 0.889 0.949
No.29-No.31 1963 0.187 1.000 0.512 1.000
No0.29-No.32 3671 0.177 0.883 0.575 0.979
No.30-No.31 1166 0.062 0.553 0.464 0.957
No0.30-No.32 3144 0.056 0.482 0.523 0.940
No.31-No.32 1978 0.627 0.879 0.713 0.924
IGFBP2 No.33-No.34 2931 L 0.587 0.952 H 0.316 0.871
MDI No.35-No.36 69 L 0.025 0.808 H 0.131 0.525
* AFABP HFABP IFABP
LFABP ucp ApoB B ACCa A
a IGFI 1 MC3R 3 MC4R 3 PPAR-y
Y IGFBP2 2 MDI 1 L H

*: The sites without data are no polymorphism; A FA BP: Gene of adipocyte fatty acid binding protein; HFA BP: Gene of heart fatty acid binding
protein; /FABP: Gene of intestinal fatty acid binding protein; LFABP: Gene of liver fatty acid-binding protein; UCP: Gene of uncoupling
protein; ApoB: Gene of apolipoprotein B; A CCa: Gene of acetyl-CoA carboxylase a; IGFI: Gene of insulin-like growth factor 1; MC3R: Gene
of melanocortin 3 receptor; MC4R: Gene of melanocortin 4 receptor; PPA R-y: Gene of peroxisome proliferator-activated receptor-y; /GFBP2:
Gene of insulin-like growth factor-binding protein 2; MD1: Gene of malate dehydrogenase; L: Lean line; H: Fat line
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ng/uL DNA 1 pL.10xPCR buffer 0.5 pL.10 3.3
mmol/L dNTP 0.4 pL.10 wmol/L 0.25 D D
pL.5 U/pnL TagDNA 0.1 pL.ddH,0 7.5 pL LD (Devlin and Risch, 1995).
PCR 94°C 7 min, 94°C 30 s, 51~64°C 30 A
s 28-33 ( . )’ f11 f12 le fzz o fl+ :ﬁl‘l‘fzz f+1 :f11+f21 f2+ =le+f22
72°C 30 s, 72°C 7 min, PCR
f+2 :f12+f21 - LD D= fnfzz—flzle °
DHPLC( PCR 5 pL
DNA ).PCR-SSCP(1 pL
0 p>0 p=— D
PCR- 4l 14% min(f, /. f1./>.)
).PCR-RFLP(5 D<o L D
wL  PCR 3 U 2 pL buffer 129 pL min(f,.f.,, fiofs)
ddH,0 37T D
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14% 8 .
) o N LD
PCR . D'
2, SAS9.1.3 allele (SAS Inst. Inc., Cary, NC),
2
Table 2 The basic information of candidate genes and mutant sites
/C
Chromosome Gene  No.of SNPs Domain Primer T Typing Breed MAF
chr2 AFABP No.l S'UTR 5'-GCCAAGGAAGTAGGATATA-3' 55.6 LP! L 0.000
g.-433indel(7bp) 5-TTTCAGTCCTCCATATTGTAT-3' H 0.272
No.2 exon3 5'-GGTCCAAAGCACCCTGATGA-3' 56.4 DHPL L 0.230
2.1729G>A 5'-CCATCCACCACTTTCCTCTT-3' H 0.311
No.3 3'UTR 5'-CGAAAGAGCATGAGGAAG-3' 59.1 SSCP? L 0.055
2.3265T>C 5'-GCCACAACAAATTAGGC-3' H 0.007
chr23 HFABP No.4 S'UTR 5'-CAGTGGCATAAGGGTCAAAG-3' 55.6 Dra L 0.327
2.-2438T>C 5-CCCAGTGCACATATGTTC-3' H 0.357
No.5 intron2 5'-AGTGGGTTGCAGGGACTCACA-3' 55 LP L 0.292
2.1834indel(14bp) 5'-GGGCTCTGCATGACTTAAGA-3' H 0.291
No.6 intron2 5-TGAGCCCGCTGTCACGCTAAC-3' 60.1 Nco L 0.269
2.2493C>T 5-AGTTCAGTGCTGGAGCTGGC-3' H 0.493
Chr23 HFA No.7 3'UTR 5-TTGGGGTGAGGGCGTTAT-3' 64 LP L 0.087
2.3189indel(8bp) 5'-CAGATAAAGGGGACGGTGAT-3' H 0.018
chr4 IFABP No.8 S'UTR 5'-ACTTAGCAGCACATCAAC-3' 57 Tap L 0.462
2.-561A>C 5'-CAGTCACTAACCCATTCAT-3' H 0.454
No.9 intron2 5'-GAGGGAAATTGCTGGTC-3' 55 Pou L 0.032
2.605C>T S-TTTGCATTTTTATTGTGACTTTTT-3CTGCAG3' H 0.036
No.10 intron2 5-GATGGCATTTAACGGTACTTGGA-3' 55 SnaB L 0.072
2.1019C>T S“-TCTTGGCTTCAACTCCTTCGTAC-3' H 0.085
No.11 3’UTR 5'-CTGTCAAGAAGAGCACCAG-3' 64 Mae L 0.496
5-AGTTGCGTCGTAGTCCC-3' H 0.447
chr4 LFABP No.12 S'UTR 5-CATTTGTTTATGGATGCCACG-3' 55 SSCP L 0.425
5-TAAGGACCTTTTGCCCTAA-3' H 0.122
No.13 3'UTR 5'-CTAGGGACCTTAAACAGG-3' 61 AsuC2 L 0.253
2.3628A>G 5-CACTTTGGCTAAGTCTTCG-3' H 0.058
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chrl UCP  Nol4  intron2 5-GCCCCAAGTGCTCAACCCT-3' 60.2 Eco72 L 0243
21240C>A  5-CTGGTGCTATGAGTCCTGTTCC-3' H 0308

No.I5  exon3 5" AGGGCTGCTGGCGCGGCTGCTT-3'  59.8 Hha L 0419

g1316C>T  5-CTGGTGCTATGAGTCCTGTTCC-3' H 0488

No.l6  3UTR 5-GCTCCTGGAACGTGGTGA-3' 56 Hae L 0413

g2594C>A  5-GCTGCCTTTGGTCCCTCT-3' H 0387

chr3 ApoB  No.17 5'UTR 5'-AACCCAACAACTGGGATAG-3' 51 Bsp1407 L 0.431
g-112A>G ~ 5-TGACTTGGACCTTCATTTGTA-3' H 0387

No.18 exon26 5'-CATATTTCTAATGGCATCCAG-3' 52 Acy L 0.268

g21751T>G  5-TTCCCAGCGTTATTTCCG-3' H 0297

No.19 3'UTR 5'-AAGGTCATATTTGTAAGCC-3' 52 LP L 0.365

¢.34202indel(9bp) 5-TTCTTTTCTGCCATTTGATAC-3' H 0366

chr19 ACCa No.20 exonl9 5'-TAGGTGGATGGTTGGGCTTGA-3' 56 Mwo L 0.346
g21726G>A  5-CCCCATCCTCCACCACATG-3’ H 0434

No.21 exon45 5'-TTTGGTGCCTACATCGTG-3' 54.4 Taq L 0.490

283602T>C  5-AATGGTCCCTTCCAACTC-3' H 0290

chrl IGF1 No.22 5’UTR 5'-CACAGCCACCCGAAAGT-3' 57 Hinf L 0.130
2.-366A>C  5-AGAAATCACAAAAGCAGCAC-3' H  0.000

No.23 exon3 5'-TACACATCTACCACTGTCAT-3' 55 SSCP L 0.130

g38710G>A  5-TCCTCAGGTCACAACTCT-3' H 0000

No.24 3’UTR 5'-TTGGCTAATGGCTACTTTG-3' 55 Bsp119 L 0.150

248022C>T  5-GTGCGTCATATTATCTTTCG-3' H 0010

chr20 MC3R No.25 exonl 5'-TGGCTGTGGCAGATATGTTA-3' 56 SSCP L 0.056
g273C>T 5 AGTTAGGTACCTGTCAATGGCT-3' H 0120

No26  exonl 5_GACGACCACTTCATTCAG-3' 57.6 Dde L 0496

2.549A>G 5" GGCGTGCAAACAGGAAC-3' H 0465

chr2 MC4R No27  exonl 5_GAATTTCACCCAGCATCG-3' 55 SSCP L 0208
28A>G 5" GAGGTTCTTGTTCTTGGCTAT-3' H 0143

No28  exonl 5" GCAATAGCCAAGAACAAGA-3' 55 SSCP L 0327

2315G>T 5-GCTCTGTGCGTCTGTATCTG-3' H 0250

chrl2 PPAR-yNo29  SUTR 5. TCTGGAAGGAGTGGAGTC-3' 553 Lp L 0378
g-1784 1768 5-ATGCCCGATAAAGTAGAG-3' H 0416

No30  SUTR 5.GGGCGGTCACTGTTGTAC-3' 526 SSCP L 0391

g-1241G>A  5-CATTTGGATGACAGAAACTTAT-3' H 0414

No3l  SUIR 5.GATGAAGGGAGACGAGAC-3' 60 Stu L 0235

2-75G>A 5.GGTAAATGGCTTTATGTC-3' H 0261

No32  exon2 5.GTGCAATCAAAATGG AGCC-3' 55 SSCP L 0403

2.1903C>T 5'-CTTACAACCTTCACATGCAT-3' H 0.391

chr7 IGFBP2 No.33 intron2 5'-CCAGACAAAATCAACCTTAGC-3' 58 Eco72 L 0.147
2.2245C>T 5'-AATGGTGCTTTGCTGCTTA-3' H 0.113

No34  3UTR 5.GGGACTGCTTTCCAATAG-3' 54.0 SSCP L 0212

g5176C>T  S-TTACAGTCTTTGGTCTCGG-3' H 0250

chr7 MDI  No35  SUTR 5.TCCTCCAGTTCAATACAAGC-3' 62 Sph L 0081
g-4245C>T  5-ATCAGTTCCTGTCTGTGCC-3' H 0478

No36  SUTR 5-ATTCCTTGACCGCTATGC-3' 58 SSCP L 0445

g-4176C>T  5-TGCCCAGGAAGAAGAGCC-3' H 0208

1 LP DHPLC SSCP
(RFLP) L H

Notes of genes see Table 1; LP is length polymorphisms; DHPLC is denaturing high performance liquid chromatography; SSCP is
single-strand conformation polymorphism; The others are incision enzymes used in restriction fragment length polymorphism (RFLP);
L Lean line; H Fat line
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